The low-energy dielectric properties of CaC 6 -a representative graphite intercalated compound (GIC)-were investigated by ab initio time-dependent density functional theory calculations with full inclusion of local field effects. The calculations predict the existence of several kinds of plasmons in CaC 6 with energy below 10 eV. The mode with the largest energy is a conventional "πp" mode strongly dispersing in the hexagonal basal plane and almost nondispersing in the perpendicular direction. In the 2.3-3 eV energy range, we find a long-lived intraband plasmon with negative (positive) dispersion with momentum transfer in (perpendicular to) the basal plane. In the 0-1.5 eV energy range, a mode with linear soundlike dispersion along all three high-symmetry directions is observed. All the three modes present strong anisotropy originated from the band structure. The physical origin of these excitation modes is discussed in terms of intra-and interband transitions. The crucial role of local field effects in the propagation of the two lowest-energy modes at large momentum transfers and in the determination of its dispersion over extended momentum-transfer region is analyzed.
I. INTRODUCTION
By intercalation of graphite with some dopants, one can dramatically modify its physical properties. 1 In such process, in graphite, which is a semimetal and has a small concentration of electrons and holes at the Fermi level, the number of electronic states at the Fermi level can vary strongly. Considerable effort has been devoted to understand modifications in the electronic band structure accompanying the intercalation process such as the alteration of the carbon-derived energy bands and charge transfer processes from the foreign atoms to carbon planes. [2] [3] [4] In this respect, a special attention was directed to the evolution of a so-called interlayer band 5 of graphite, which being totally unoccupied in a pure graphite, can become partially occupied in some graphite-intercalated compounds (GICs). 6 One of the important consequences of intercalation was the appearance of superconductivity in graphite doped with certain dopants, while pure graphite is not a superconductor. For years, this phenomenon attracts attention in spite of believing that the maximum critical temperature T c was rather low. This subject attracted a renewed interest after the discovery of unusually high transition temperatures in the alkali-earth intercalated graphite compounds, YbC 6 and CaC 6 , with T c of 6.5 and 11.5 K, respectively. 7 Since this discovery, GICs became the subject of intensive studies in order to clarify the relevant mechanism behind this phenomenon. Nowadays, it is generally accepted that the BCS mechanism with conventional electronphonon coupling 8, 9 can explain the relatively high critical temperature T c in these GICs. However, many interesting issues still remain open, especially, the relevance of different phonons groups in the electron-phonon coupling. Also, as was pointed out by Mazin et al., 10 some inconsistences in the data obtained in measurements of isotope effect, 11 specific heat, [12] [13] [14] and others are awaiting a satisfactory solution.
On the other hand, soon after the discovery of enhanced T c in YbC 6 and CaC 6 an interesting observation was made by Csányi et al. concerning the electronic structure of several superconducting and nonsuperconducting GICs. 6 They noted a correlation between an occupation of the interlayer energy band (which in pure graphite is totally unoccupied) and superconductivity, suggesting that the interlayer band plays a crucial role in the superconductivity phenomenon in these compounds. Based on this analysis, it was suggested that an electronic mechanism might be at the origin of superconductivity in that GICs where the interlayer band is partly occupied. In particular, it was suggested that since there are two kinds of carriers presented at the Fermi level in the energy bands (the carbon-derived π * band and the interlayer band) a so-called acoustic plasmon (AP) could exist and play a role as a mediator, like phonons in the conventional BCS scenario. [15] [16] [17] [18] The collective electronic excitations, to the best of our knowledge, were neither investigated in YbC 6 nor in CaC 6 . At the same time, there exist a rich literature [19] [20] [21] [22] [23] [24] [25] [26] on this topic for other GICs. Thus in a variety of these compounds, modifications of the low-energy π plasmon mode existing in pure graphite at the 7-12 eV energy range were observed [27] [28] [29] resulting in a plasmon frequency shift to lower energies. Additionally, new features were also found in the excitation spectra of GICs like an intraband plasmon with frequency ∼1 eV. However, the existence of plasmonic modes at low energies that might be relevant for superconductivity has not been reported for any GIC.
The issue of existence of an AP in some GICs and, in particular, in CaC 6 , was discussed in a number of publications. Mazin et al. suggested 10, 30 that AP can not exist in CaC 6 arguing that in this compound, neither the effective masses of distinct energy bands are very different nor these bands are two-dimensional like. Hence neither of the two types [15] [16] [17] [18] [31] [32] [33] [34] of AP, could exist in CaC 6 .
On the other hand, in recent inelastic neutron and x-ray scattering experiments, 35, 36 an unexpected intensity due to an additional mode at about 11 meV was detected that could be linked to the modified AP mode. However, from ab initio calculations, it was concluded that this mode cannot be attributed to the AP-like mode and alternative explanations of the origin of this mode as being an impurities mode 35 or due to polycrystalline nature of samples 36 were proposed.
At the same time, recent ab initio calculations 37, 38 of the excitation spectra in bulk MgB 2 and Pd demonstrated that an AP can indeed exist in real materials. The crucial role of band structure in formation of a such mode was demonstrated. Moreover, in a layered material MgB 2 , a peculiar "arclike" periodic dispersion of the acoustic mode was observed for momentum transfers in the direction perpendicular to the basal plane.
In the present work, we have studied collective electronic excitations in CaC 6 in the framework of time-dependent density functional theory in the 0-10 eV energy domain for momentum transfers in all three main symmetry directions. The calculations were performed with full inclusion of the ab initio energy band structure evaluated in a self-consistent pseudopotential scheme. Here, we analyze the relevance of different factors like local-field effects and exchange-correlation effects in the determination of the plasmonic structure of CaC 6 in this energy interval. In particular, we observe modifications in the energy position and dispersion of the π plasmon mode transforming to a truly three-dimensional feature, the appearance of an intraband plasmon with strongly anisotropic behavior, and report on the existence of a low-energy AP mode in all main symmetry momentum transfer directions. A crucial role of local-field effects in the transmittance of the last two modes at large momenta is demonstrated, while a minor role of exchange-correlation effects beyond the random phase approximation in this compound is established like in a pure graphite. 39 Note that this is a detailed ab initio investigation of the excitation spectra in CaC 6 . In a previous attempt, 35 only the data for the noninteracting density response function calculated at one value of momentum transfer in a small energy window were reported. This paper is organized as follows. In Sec. II, the formalism used and technical details of the calculations are described. In Sec. III, we present the CaC 6 band structure, the calculated dielectric function, and the energy-loss spectra for momentum transfers along main symmetry directions. Concluding remarks and the summary are presented in Sec. IV. Atomic units (h = e 2 = m e = 1) are used unless it is stated otherwise.
II. CALCULATION DETAILS
The CaC 6 compound crystalizes in the R3m structure forming an AαAβAγ stacking sequence in which all the graphite layers denoted by "A" have the same arrangement, while the calcium atoms occupy interlayer sites above the centers of carbon hexagons in an αβγ stacking. This lattice can be described using a rhombohedral basis in which a unit cell contains one calcium and six carbon atoms. 35 However, for convenience, in this work, we adopt a hexagonal basis in which the unit cell contains three chemical formula units. This unit cell and the corresponding first Brillouin zone (1BZ) are shown in Figs. 1(a) and 1(b), respectively. The definitions of the main symmetry directions in crystal and momentum transfers are given there as well. The experimental lattice parameters 36 of CaC 6 , a = 4.333Å and c = 3 c = 13.572Å, were employed in present calculations. Here, c is the distance between graphene layers.
We have calculated the band structure of CaC 6 within density functional theory describing the valence-core interaction of Ca and C by norm-conserving pseudopotentials. 40 The wave functions were expanded in the plane-wave basis The calculated ε nk and ψ nk (r) were employed in the evaluation of the density response function for noninteracting electrons χ o transformed to a matrix form in the reciprocal space:
Here, q and ω are momentum and energy, respectively. Factor 2 accounts for spin, is a normalization volume, G's are the reciprocal lattice vectors, f nk is the Fermi distribution function, and η a positive infinitesimal. The vector q is confined to the 1BZ and the sum in k is performed over the 1BZ.
In the framework of time-dependent density functional theory, 42, 43 the density response function χ for interacting electrons is related to χ o via the Dyson-like equation
χ , which in a periodic crystal takes a matrix form:
In Eq. (2), υ G 1 (q) is the Fourier transform of the bare Coulomb potential υ, and K xc GG (q,ω) accounts for dynamical exchange-correlation effects. In this work, we present results obtained within the random-phase approximation (RPA) in which K xc is set to zero. We checked that the use of a so-called adiabatic local density approximation (ALDA) 42, 44 for K xc does not change the excitation spectra in this compound significantly, in line with what was observed in the pure graphite case.
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The energy-loss function, −Im[
GG (q,ω)], which is proportional to the dynamical structure factor S(Q,ω) ∼ −Im[ −1 GG (q,ω)] (where G = Q − q) directly probed in the inelastic x-ray and electron scattering experiments is given in terms of the density-response function, χ , by the equation
The Fourier coefficients χ 0 GG (q,ω) can be calculated numerically with the use of several methods. [45] [46] [47] [48] [49] [50] [51] [52] The approach we adopt here consists 46, 49 in the evaluation, at the first step, of the spectral function S 0 GG (q,ω) directly related to the imaginary part of χ 0 GG (q,ω). In this case, instead of η, a relevant numerical parameter is a broadening parameter 37, 46 γ which was set here to 10 meV. The sum over the 1BZ in Eq. (1) was performed with the use of a 48 × 48 × 18 grid and all the energy bands up to energy of 50 eV above the Fermi level were included. Subsequently, once having the imaginary part evaluated, the real part of χ 0 GG (q,ω) is obtained via the Hilbert transform using an energy cutoff of 50 eV. In the Fourier expansion of the χ 0 , χ , and matrices 100 reciprocal vectors G were employed. Local field effects 53, 54 are included in the evaluation of the energy-loss function through inclusion in Eq. (2) of the nondiagonal matrix elements.
III. CALCULATION RESULTS AND DISCUSSION
Figure 1(c) shows the calculated band structure of CaC 6 around the Fermi level along the high-symmetry directions of the 1BZ, which is in good agreement with previous first-principles calculations. 6, 30, 42, 55 It is seen in the figure that intercalation of Ca atoms produces a downward shift of the carbon-derived bands by ∼2 eV and the appearance of three kinds of bands at the Fermi level. The energy bands crossing the Fermi level in CaC 6 are the antibonding carbon-derived π * band, the interlayer band, and the hybridized π * band with strong charge density in the interlayer region. 6 In Fig. 1 (c), these bands are highlighted by π * symbols, red lines, and blue lines, respectively.
The dispersion of the π and π * bands is slightly affected by the presence of the intercalant. The most strong modification in comparison with a pure graphite case is the formation of an energy gap of about 0.5 eV at the point (a back-folded K point in the 1BZ of graphite).
The interlayer band has a parabolic-like dispersion at E F in all three symmetry direction. The bottom of this band is located at −1.25 eV at the point and at the A point its energy is of 0.7 eV. The hybridized bands are originated from the π * bands of graphite whose dispersion is notably modified by the presence of Ca atoms. In particular, they present a rather strong dispersion at the Fermi level in the direction perpendicular to the graphene sheets as can be observed in Fig. 1(c) along the ML symmetry direction. Thus, in CaC 6 , there exist three kinds of energy bands at the Fermi level with different Fermi velocities, a fact which has profound impact on the low-energy excitation spectra as it is shown below.
The calculated excitation spectra in CaC 6 6 . For momentum transfers in the a * -b * plane, we observe a rather isotropic plasmonic structure, although some quantitative differences can be detected. . The peaks corresponding to π plasmon (πP ), intraband plasmon (IP), and acoustic plasmon (AP) are shown by the corresponding symbols. In (a), a peak corresponding to an intraband plasmon reappearing at large momenta is highlighted by white dashed line and denoted as IP . In each panel, the AP dispersion is denoted by green dashed lines.
In Figs. 2(a) and 3(a), we can distinguish in the upperenergy region a broad peak labeled as "π p" showing a strong parabolic-like positive dispersion with the momentum transfer increase. The energy of this peak is of 6.1 eV at small Q's and the peak disperses up to ∼12 eV at large Q's. This feature can be classified as a conventional π plasmon also presented in pristine graphite at ω πp ≈ 7 eV 19, 20, 39, 56 and in the GICs at lower energies. [19] [20] [21] [22] [23] [24] [25] The redshift of the πp plasma frequency in CaC 6 in comparison with the plasmon frequency in pure graphite can be explained by the presence of a broad peak centered at 4.6 eV at small Q's in the imaginary part of seen in Figs. 2(c) and 3(c). As illustrated in Fig. 5 , the presence of this local peak in Im[ ] makes the real part of to reach zero at energies around 5 eV. As a result a broad peak centered at 6.1 eV appears in the loss function. From comparison of panels (a) with panels (b) in Figs. 2 and 3, one can see that the LFEs have small impact in this mode at all momenta and only subtle changes can be detected.
On the other hand, as seen in Fig. 4(a) , the corresponding mode is completely different for momentum transfers along the c * axis. Here, the πp mode is located at ∼5.2 eV at small Q's. Its lower energy in comparison with the a * -b * plane case can be explained by the presence of a stronger and broader interband peak in Im[ ] at the 3-5 eV energy region. As a result, the real part of does not reach zero at ∼5 eV as can be seen in the data for Q c * = 0.129Å −1 presented in Fig. 6 . The resulting peak in the loss function corresponding to the πp mode is not as strong as for Q's laying in the a * -b * plane. In all three directions for momentum transfers, the peaks corresponding to this mode are rather broad, i.e., this mode is significantly damped and quickly decays into electron-hole pairs. Note, that in pure graphite such a mode does not exist at small Q c * 's 56,57 and appears along the c * direction only at finite momenta with an oscillating dispersion with energy around ω ≈ 4 eV. 58 An interesting feature of this mode in CaC 6 is its reappearance, as a πp mode, at large momentum transfers along the c * direction due to LFEs, as can be deduced from comparison of the calculated loss function in Figs. 4(a) and 4(b).
We interpret the next feature appearing in the a * -b * plane at lower energies as an intraband plasmon (IP) mode. It is a narrow sharp peak showing the highest intensity in the plane, dispersing negatively [going to lower energy values as Q a * (Q b * ) increases] from 3.5 eV at small Q's to around 3.3 eV (3.2 eV) at momentum transfers Q a * ≈ 0.5Å can be explained by the fact that it disperses in an energy gap between regions with strong intraband and interband transitions in Im[ ] as can be appreciated in Figs. 2(c) and 3(c). Once this peak reaches the border of intraband electron-hole (e-h) continuum, it becomes heavily Landau-damped and disappears. The negative dispersion of this mode can be explained by the shape of the lower border of the region for interband transitions located at 4 eV at Q = 0 and dispersing downward with momentum increase along both the a * and b * directions as seen in Figs. 2(c) and 3(c). Thus, in the particular case of CaC 6 , the negative dispersion of the IP mode can be explained by pure band structure effects. We are not aware of whether or not such negative dispersion of the IP mode has been reported previously in the GICs. However, a negative dispersion of an IP mode in other layered material like potassium-doped picene was recently observed and explained on base of competition between metallicity and Energy (eV) electronic localization. 59 In several other layered compounds like transition-metal dichalcogenides, similar behavior of this mode was observed experimentally and an explanation for this phenomenon that goes beyond band structure effects was proposed. 60 For momentum transfers along the c * axis the corresponding IP mode is located at significantly lower energies as seen in Fig. 4(a) , namely, at 2.35 eV for Q c * = 0. In this direction, the IP peak is sharp and has a linewidth of around 220 meV that corresponds to the lifetime of 3 fs. Contrary to what occurs in the a * -b * plane, the IP mode along the c * axis has positive dispersion like in the MgB 2 layered compound. 61, 62 In particular case of CaC 6 , this positive dispersion can be explained by the shape of the gap in Im[ ] where this mode disperses. In Fig. 4(c) , it is seen that both the lower (at 1.7 eV at Q c * = 0) and the upper (at 2.7 eV at Q c * = 0) borders of this gap disperse upward with fairly the same slope up to Fig. 7 where the dielectric function and the corresponding loss function are shown at Q c * = 1.26Å −1 . Here, one can see how when the LFEs are included a clear peak in the loss function appears at ω = 2.35 eV, while when the LFEs are not included the loss function is featureless in this energy region due to featureless behavior of the imaginary and real parts of . Note how the IP peak starting from Q = 2π/c = 1.389Å −1 closely follows the dispersion of the IP mode. This phenomenon was in details explained for the cases of MgB 2 , 63, 64 graphite, 58 and compressed Li. 65 Note that the complete disappearance and subsequent reappearance of this mode with momentum transfer increase resembles the case of compressed lithium 65 and not the one of MgB 2 where continuous dispersion over subsequent BZ's is observed. 63, 64 In the low-energy range in Figs. 2(a) and 3(a) , an additional feature in the loss function labeled AP can be detected. This feature disperses quasilinearly with momentum transfer and its energy seems to start from zero in the long-wave length (vanishing Q's) limit. It can be observed in the energy interval between 0 and ∼2.1 eV (∼1.2 eV) for momentum transfers along the a * (b * ) axis. This dispersion corresponds to an AP mode recently predicted 37, 38 to exist in Pd and MgB 2 . However, it is for the first time that such kind of low-energy collective excitation is observed in a GIC system. In order to understand the origin of this mode, we show in Fig. 8 the real and imaginary parts of the dielectric function as well as the corresponding loss function evaluated at Q a * = 0.181Å −1 . In the upper panel of the figure, one can see two main peaks in Im[ ], labeled as "IB" and "π * ," that have origin in the intraband transitions within the crossing the Fermi level interlayer and π * bands, respectively. From a free-electron gas (FEG) theory 66 it is known that the intraband peak position in Im[ ] evaluated at a given Q is determined by the group velocities in the energy band crossing the Fermi level due to phase restrictions for electron-hole transitions imposed by denominator in Eq. (1). Moreover, the upper limit in energy for such transitions is determined by the maximal group velocity component in this momentum transfer direction (which in the isotropic FEG theory coincides with the maximal value of group velocity, although in general they can be different). However, in CaC 6 , instead of one energy band, three kinds of energy bands cross the Fermi level as was discussed above. Figure 9 presents the calculated density of states (DOS) in these bands versus energy and the value of the corresponding group velocity component in all three main symmetry directions. In Figs. 9(a) and 9(b), one can observe at the Fermi level two main bands with distinct values for maximal group velocity components, υ around 0.5 a.u., while the second is at 0.27 a.u. The former DOS corresponds to the π * energy bands with strongest dispersion in the (a * -b * ) plane observed in Fig. 1(c) . In Figs. 9(a) and 9(b) it is seen how υ The presence of carriers in different energy bands at the Fermi level with such different maximal group velocity components in the a * -b * plane produces two-intraband-peak structures in Im[ ], which indeed reflect a number of electron transitions in the system. 66 As a result, the real part of crosses the zero axis three times as demonstrated in Fig. 8 . The first and third zero crossings coincide in energy with the local peaks in Im[ ] and, subsequently, no plasmonic peaks appear in the loss function at the corresponding energies. In contrast, the second zero crossing occurs at energy where Im[ ] has a local minimum and a well defined peak AP corresponding to the AP appears in the loss function at ω = 0.78 eV. Hence the appearance of the AP mode in the a * -b * plane is a result of screening of the carriers in the interlayer band slowly moving in the basal plane by the carriers in the π * bands moving faster in the same plane. Note that the presence of finite Im[ ] at energy where the AP peak appears does not destroy this mode as the linewidth of such a mode is determined by both linearly with momentum, as can be observed in Figs. 2(c) and 3(c), the AP mode disperses linearly with momentum as well. From Figs. 2, 3 , and 8, it is clear that the LFEs have minor impact on this mode. Upon momentum increase, the two-intraband-peak structure gradually loses its structure resulting in disappearance of the AP mode.
Inspection of the low-energy excitation spectra at momentum transfers along the c * axis presented in Fig. 4 reveals that the loss function along this direction is quite different in comparison with that in the a * -b * plane. At small momenta, one can also see a well defined AP peak in the loss function corresponding to the AP mode. The origin of such a mode in this momentum direction is the same as for momentum transfers in the basal plane-the presence of several energy bands crossing the Fermi level with different group velocity components in this direction. However, as can be deduced from the analysis of the corresponding DOS in Fig. 9(c) , here the situation is different. Now the maximal group velocity in is 0.2 a.u. for such carriers. In Fig. 9(c) , one can see that even more number of states have very small group velocity in this direction. Nevertheless, we do not detect in the Im[ ] a separate structure corresponding to these states with extremely slow group velocity. Only some enhancement can be observed on the low-energy side of the lower-energy peak as can be seen in Fig. 10 where we present the dielectric function and corresponding loss function evaluated at Q c * = 0.129Å −1 . On contrary, two clear peaks in Im[ ] labeled as "HB" and "IB" and corresponding to intraband transitions in the hybridized and the interlayer bands, respectively, can be seen in the same figure and on a more general scale in Fig. 4(c) . Hence the AP mode at momentum transfers in the c * direction can be understood as being a result of dynamical screening of the slower carriers in the hybridized band by the carriers in the interlayer band faster moving in this direction. Following the AP peak dispersion in Fig. 4(a) in the c * direction one observes that, contrary to what occurs in the a * -b * plane, its dispersion reaches the maximum energy of 1.5 eV at Q c * = 0.694Å −1 and does not disappear. Instead, after reaching the maximum energy, the dispersion of this peak turns to be negative and reaches zero energy at Q c * = 2π/c = 1.389Å
−1 , and after that acquires a positive dispersion again. That this behavior is a demonstration of the LFEs is confirmed by the fact that when they are not included in the evaluation of the loss function a similar peak in Im[
−1 ] can be traced up to Q c * = 0.9Å −1 only as seen in Fig. 4(b) . Moreover, being at the small Q c * 's, a true AP peak its nature gradually changes to the simple e-h peak reflecting the enhanced Im[ ] at the same energy. This can be appreciated in Fig. 7 where the dielectric function and the loss function calculated at Q c * = 1.26Å −1 are presented. Even if a peak at ω = 0.55 eV is presented in the loss function calculated without inclusion of the LFEs, it can not be interpreted as a plasmon mode because there is no zero crossing in Re[ ] and Im[ ] has a local maximum at the same energy. Contrary, the AP peak in the loss function evaluated with inclusion of LFEs, is located at 0.47 eV, exactly where the AP peak appears at Q c * = 0.129Å −1 (see Fig. 10 ). Note that the process is facilitated by the fact that at Q c * = 1.26 A −1 , Im[ ] possesses a local minimum in this energy region. This arclike dispersion of the lowest-energy plasmon mode for momentum transfers in the direction perpendicular to the basal plane was previously reported 38 only in the case of other layered material, MgB 2 . However, as seen in Fig. 4(a) , in CaC 6 , the dispersion of this mode is not continuous and this mode disappears for certain momenta, whereas in MgB2 the corresponding mode disperses without breaking over the extended momentum transfers region.
IV. CONCLUSIONS
We have reported the results of ab initio calculations of the dynamical momentum-dependent dielectric response of CaC 6 at the 0-10 eV energy range. Calculations were performed within the RPA with full inclusion of local-field effects. Our results demonstrate that intercalation of calcium atoms strongly modifies the dielectric properties of graphite in this energy region leading to a notable change in the π plasmon and to the appearance of two additional low-energy modes.
In particular, the energy of the π mode is reduced up to 6.1 at small momentum transfers in the basal a * -b * plane and a corresponding mode appears at ω = 5.2 eV in the perpendicular direction. An additional mode-intraband plasmonappears in the 2.35-3.5 eV energy region and its dispersion is characterized by strong anisotropy, being negative in the basal plane like in some other layered materials 59, 60 and positive in the perpendicular direction.
In the energy range from zero to ∼2 eV, we find another mode-acoustic-like plasmon-which in CaC 6 , in difference to MgB 2 , appears in all three symmetry directions. We explain this distinct behavior by the different Fermi velocities in three kinds of energy bands crossing the Fermi level in this compound. Thus, for momentum transfers in the basal plane, this mode corresponds to the collective motion of the fast carriers in the π * band with respect to the slow ones in the interlayer band. In the perpendicular direction, the role of the fast and slow carriers are played by the ones in the interlayer band and hybridized band, respectively. It would be of great interest to quantify the possible role of the AP mode in the interelectron coupling in the CaC 6 . However, this is outside of the scope of this work. Due to its soundlike dispersion, the AP at small energy can interact with the optical phonon modes in the similar way as was proposed 38 for MgB 2 . However, to observe this interaction with lattice vibrations, one should performed measurements of phonon dispersions at rather small momentum transfers. On the other hand, the AP dispersion over extended range of momentum transfer can be measured in the energy-loss experiments. Up to now, this kind of mode was not observed in bulk metals, whereas a similar mode theoretically predicted to exist at some metal surfaces with partly occupied surface states, called an acoustic surface plasmon, 67, 68 was recently observed on a variety of metal surfaces [69] [70] [71] and graphene-based systems. [72] [73] [74] Present results demonstrate the important role of local-field effects in the formation of the low-energy excitation spectra and dielectric properties of CaC 6 at large momentum transfers, especially in the perpendicular direction. Thus, due to these effects, the π and intraband plasmon peaks reappear in the excitation spectra at momentum transfers close to the center of subsequent BZs in this direction. The role of LFEs is even more crucial in the determination of the AP dispersion, where peculiar arclike dispersion is formed. Note that a similar mode with arclike dispersion was predicted to exist in other superconducting material, MgB 2 in the 0-0.5 eV energy region and still it has not been detected experimentally. In our opinion, CaC 6 is a better candidate for observation of such a mode since in this compound the AP mode reaches energy as high as 1.5 eV at large momenta in the perpendicular direction. Moreover, in CaC 6 , it is a truly 3D feature at small momentum transfers and therefore a corresponding signal might be stronger in comparison with MgB 2 .
